The study on liver function status of high fat diet and low dose streptozotocin (HFD-STZ) induced NIDDM in Wistar rats placed on antioxidant supplementation was monitored in vitro. Some antioxidant rich substances which include some minerals and vitamins, α-lipoic acid, cinnamon powder, curcumin (Meriva®), cordyceps, resveratrol, quercetin, D-ribose-L-cysteine were assembled together in appropriate (RDA (Recommended Dietary Allowance)) proportions into corn oil and stored 4 o C for use. Liver and kidney function test were assayed using standard analytical grade reagents and kits as well as good equipment's. Data analysis was done with SPSS version 20.0 and significant level was set at p ≤ 0.05. A total of five groups were created and used for this study. After induction of diabetes, the treatment lasted for a total of 12 weeks, with analysis carried out at the 4 th , 8 th and 12 th week intervals respectively. Results obtained from assay of the functional status of the hepatocyte indicate that there was significant decrease (p ≤ 0.05) in enzyme activities of all groups with the exception of diabetic control group. Serum Aspartate Aminotransferase (AST) and serum Alanine Aminotransferase (ALT) activities of the treated groups, as well as normal control group where reduced significantly (p ≤ 0.05) when compared with the diabetic control group which increased constantly within the duration (4 th to the 12 th week) of treatment. However, significant increase (p ≤ 0.05) in serum Alkaline Phosphatase (ALP) activity and serum total protein level was observed in the treated groups as the duration increase with the 8 th week having the highest significant value. The results of direct and total serum bilirubin and albumin levels showed no significant difference (p ≥ 0.05) in all groups. Hence, the results obtained suggest that the antioxidant supplement might aid in the restoration of liver function status by reducing free radical generation and activity via increased antioxidant presence.
Introduction
Diabetes mellitus is a metabolic disease that affects most body systems such as the liver. The liver as a vital organ is essential in the regulation of blood glucose levels under physiological and pathological state. As a result of this function, the liver is susceptible to the effects of hyperglycaemia-induced oxidative stress, leading to free radical related liver injury [1] [2] [3] .
Diabetes mellitus type 2 is known to be associated with insulin resistance in the liver, leads to hyperglycaemia as a result of distortion of glucose metabolism. Increase in insulin resistance which is associated to oxidative stress, lipid peroxidation and abnormal inflammatory signal cascade are attributed greatly to liver damage [4] .
Increase in glycaemic levels, mainly caused by insulin resistance in type 2 diabetes mellitus affects the metabolism of lipids resulting in obesity related insulin resistance via accumulation of free fatty acids covering insulin receptors, a condition attributed to fatty liver. Insulin resistance resulting in increased glycaemic levels could also affect metabolism of carbohydrates and proteins. It can as well lead to nonalcoholic fatty liver disease, which has been reported to progress into non-alcoholic steatohepatitis, cirrhosis and hepatocellular carcinomas. The primary mechanism of diabetes that contributes to liver damage is the combination of increased oxidative stress and an abnormal inflammatory response, which in turn activates the transcription of proapoptotic genes and hepatocyte damage [5] .
Due to the livers involvement in drug metabolism and detoxification, it becomes the most frequent organ affected in terms of drug toxicity shown in Figure 1 -3. However, most important function undertaken by the liver, and the resultant production of radical species, mostly Reactive Oxygen Species (ROS) and Reactive Nitrogen Species (RNS), has been proposed as an early event of drugs hepatotoxicity and as an indicator of hepatotoxic potential [6] . Most drugs known to induce oxidative stress leading to increase mitochondria DNA damage, cellular animal house of the Department of Biochemistry, Madonna University, Nigeria, Elele campus, Rivers State. They were kept in a well-ventilated cage with access to water and laboratory food ad libitum. The animals were distributed into five groups with 10 rats each in stainless steel cages (34 x 47 x 18 cm) with soft wood shavings as bedding and maintained under normal laboratory conditions (temperature 24-28°C, relative humidity 60%-70%, and 12 hour light-dark cycle). All animals used in this study were treated in conformity to the National Institute of Health (NIH) guidelines for handling laboratory animals.
Preparation of high fat diet
The high fat diet was formulated according to the method of Srinivasan [8] , using growers mash (60 g/kg), lard (20 g/kg) and sucrose (20 g/kg) in the ratio of 3:1:1 respectively. The diet was carefully homogenized, then fed to the animals with exception to the normal control group.
Preparation of antioxidant supplement
Recommended proportions of some antioxidant rich substances which include; vitamin A (14.3 mcg/kg body weight), vitamin B 3 (0.214 mg/kg body weight), vitamin B 6 (0.03 mg/kg body weight), vitamin B 12 (0.03 mg/kg bogy weight), vitamin C (0.9 mg/kg body weight) and vitamin E (0.14 mg/kg body weight); minerals like calcium (11.4 mg/ kg body weight), selenium (0.79 mcg/kg body weight), chromium (0.2 mcg/kg body weight), magnesium (1.9 mg/kg body weight), potassium (0.05 g/kg body weight) and zinc (0.07 mg/kg body weight), α-lipoic acid (8. 
Induction of type 2 diabetes mellitus
Experimental diabetes mellitus was modeled in the animals (excluding normal control group) by feeding with high fat diet for a period of 8 weeks, after which a single dose IP injection of 35 mg/kg body weight of streptozotocin was administered.
Treatment
Treatment with standard drugs and antioxidant supplement oxidants, lipid peroxidation, and depletion of antioxidants in the liver, include drugs such as anti-inflammators, anti-analgesics, anti-cancers and antidepressants. Streptozotocin and alloxan for example are also implicated in experimental designs.
Since liver injury and damage are much attributed to oxidative stress and free radical generation, the role and effect of antioxidants such as endogenous and exogenous is very crucial to this regard. The utilization of antioxidants as a curative strategy in the prevention, management and cure of liver diseases resulting from oxidative stress have been demonstrated in most in vivo and in vitro clinical studies that are animal based [7] . Hence, increased cellular levels of antioxidant in vivo has shown to balance and in fact alleviate most devastating effect of oxidative stress related cell, organ and tissue complications such as diabetes, liver cirrhosis, etc.
The study therefore aims to evaluate the restorative effect of antioxidant supplement on liver function indices of induced NIDDM in albino rats.
Materials and Methods

Animal care
Wistar rats (albino) aged 3-4 weeks (70-110 g) were purchased from the animal house of the Faculty of Pharmacy and relocated to the Table 1 .
Assays
The serum AST and ALT activities were estimated following the method of Reitman and Frankel [9] while serum ALP activity was determined using the method of Babson [10] . The serum bilirubin concentration was assayed using the method of Jendrassik and Grof [11] . Serum total protein was carried out by Biuret method as described by Rec [12] . Albumin was determined using Bromocresol Green (BCG) dye binding method of Tietz, [13] .
Statistical Analysis
Data obtained from the study was analysed using the Statistical Package for Social Sciences (SPSS) version 20.0 for windows (SPSS Institute, Inc., Chicago, IL). One-way Analysis of Variance (ANOVA) was used to compare means, followed by the Tukey's test correlation.
Values were considered significant at p ≤ 0.05. Post hoc multiple comparisons for the differences between groups were established by Least Significance Differences (LSD). All the data are expressed as mean ± Standard Error of the Mean (SEM).
Results
As shown in Table 2 , after the 4 th week of treatment, there was no significant difference (p ≥ 0.05) in the serum AST activity of the HFD/ STZ-induced diabetic control group (57.5 ± 1.50) and diabetic treated groups (actovista and cellgevity) compared to the normal control (53.0 ± 4.00). However, the diabetic group administered antioxidant supplement showed a significantly low (p ≤ 0.05) serum AST activity. At the 8 th week of treatment, the diabetic control rats and those treated with actovista and cellgevity had significantly higher (p ≤ 0.05) serum AST activity compared to the normal control as well as the diabeticinduced rats treated with antioxidant supplement. At the 12 th week of treatment the diabetic-induced control rats and those administered actovista and cellgevity® were observed to have significantly higher (p ≤ 0.05) serum AST activity relative to the normal control. Table 3 reveals that after the 4 th week of treatment, the serum ALT activity was significantly higher (p ≤ 0.05) in the HFD/STZ-induced diabetic control group (114.5 ± 4.50) as well as the diabetic-induced group treated with actovista (100.5 ± 24.5) compared to the normal control group (87.5 ± 8.50) which had no significant difference with the induced group treated with cellgevity (88.0 ± 8.00). The antioxidant supplement administered to the diabetic-induced group (GP 4) showed a significantly low (p ≤ 0.05) serum ALT activity compared to the normal control group. At the 8 th and 12 th weeks of treatment, the diabetic control rats showed significantly higher (p ≤ 0.05) serum ALT activity compared to the normal control as well as the diabetic-induced rats administered various treatments.
As shown in Table 4 , at the 4 th 8 th and 12 th weeks of treatment, the HFD/STZ-induced diabetic control group (38.03 ± 1.60, 39.19 ± 0.71 and 38.29 ± 0.29) had significantly higher (p ≤ 0.05) serum ALP activity compared to the normal control (21.92 ± 4.05, 27.60 ± 3.78 and 22.00 ± 0.50) and the diabetic-induced groups treated with the actovista, antioxidant supplement, cellgevity® respectively. However, at the 8 th and 12 th weeks of treatment, the diabetic-induced group administered actovista (31.08 ± 5.34) and antioxidant supplement (33.15 ± 0.98), showed significantly higher (p ≤ 0 .05) serum ALP activity compared to their respective normal controls (27.60 ± 3.78 and 22.00 ± 0.50). Table 5 showed that after the 4 th week of treating, the serum direct bilirubin levels were significantly higher (p ≤ 0.05) in the normal and diabetic control groups compared to the diabetic-induced groups treated with actovista, antioxidant supplement and cellgevity respectively. At the 8 th and 12 th weeks there were no significant differences ( p ≥ 0.05) in the serum direct bilirubin levels of the diabetic control group compared to the normal control as well as some the diabetic treated groups, with the exception of the groups treated with actovista and cellgevity which respectively showed a significantly low (p ≤ 0.05) serum direct bilirubin levels. Table 6 reveals that after the 4 th and 8 th weeks of treating the HFD/ STZ-induced diabetic rats, there was no significant difference (p ≥ 0.05) in the serum total bilirubin levels of the diabetic control compared to the normal control as well as the diabetic treated with antioxidant supplement and actovista respectively. Other diabetic treated groups showed a significant low (p ≤ 0.05) levels compared to the normal and diabetic controls. At the 12 th week of treatment the diabetic control had significantly higher (p ≤ 0.05) serum total bilirubin level compared to the normal control and diabetic treated groups.
On the 4 th and 12 th weeks, the serum total protein levels were observed to be statistically low (p ≤ 0.05) in the HFD/STZ-induced diabetic control group, compared to the normal control as well as the diabetic treated groups as shown in Table 7 . At the 8 th week of treatment the diabetic treated groups (actovista and cellgevity) had a significantly high (p ≤ 0.05) serum total protein levels relative to the controls and the antioxidant supplement groups. There was however, no significant difference (p ≥ 0.05) in the serum total protein levels between the diabetic group treated with actovistaon the 8 th and 12 th week respectively.
As revealed in Table 8 , after four weeks of treatment, only the groups treated with antioxidant supplement and cellgevity showed a significantly low (p ≤ 0.05) serum albumin levels compared to the normal and diabetic control groups. However, the group receiving actovista showed no significant difference (p ≥ 0.05) when compared with the controls. After the 8 th and 12 th week of treatment, the serum albumin level in the Data represented as Mean ± SEM; a=significantly higher compared to the control group, b=significantly lower compared to the control group Data represented as Mean ± SEM; a=significantly higher compared to the control group, b=significantly lower compared to the control group Table 4 : Serum alkaline phosphatase (ALP) activity in normal and induced NIDDM albinorats administered antioxidant supplement. Data represented as Mean ± SEM; a=significantly higher compared to the control group, b=significantly lower compared to the control group Table 5 : Serum direct bilirubin level in normal and induced NIDDM albino rats administered antioxidant supplement. Data represented as Mean ± SEM; a=significantly higher compared to the control group, b=significantly lower compared to the control group 
Groups
Discussion
The result obtained from the assessment of liver functional status showed a significant decrease (p ≤ 0.05) in serum enzyme activities (AST and ALT) of all groups with the exception of diabetic control group which was statistically increased. The Aspartate Aminotransferase (AST) and Alanine Aminotransferase (ALT) activities of the treated and normal control groups where reduced significantly (p ≤ 0.05) when compared with the diabetic control group which increased constantly with duration (from 4 th to the 12 th week) especially in ALT activity. Such observation could be attributed to the ability of the antioxidant supplement to balance off the free radicals generated hence preventing peroxidation of the lipid components of the cell membrane. Disruption of membrane integrity is a common causative factor which is attributed to increased release or leakage of cellular contents such as these enzymes studied. This finding was consistent with the work of Al-Sultan [14] and Kandaswamy [15] who reported similar results on the effect antioxidants on liver markers. However, significant increase (p ≤ 0.05) in Alkaline Phosphatase (ALP) activity was observed in the treated groups as the duration increase with the 8 th week recording the highest significant value. Similar result was also reported by Ghanbari [16] and Kandaswamy [12] . The latter reported a rapid mobilization of liver-ALP in blood, resulting in increased serum levels at early stages of liver damage. They further reported that high serum ALP level is mostly indicative of cholestasis resulting in progressive liver disease (biliary cirrhosis). The results of direct and total bilirubin levels showed no significant difference (p ≥ 0.05) between the normal and diabetic control groups, with the exception of a few diabetic treated groups. The serum levels of total protein and albumin were observed to be statistically low (p ≤ 0.05) in the diabetic control group compared to the normal control group and some treated groups, although with a few exceptions across the duration of study. The observations could be attributed to the increased presence of the various treatments over the duration of study, which previous and existing treatment regimens do not achieve under such study duration. These findings on serum total protein and serum albumin were indifferent with those of Ghanbari [16] who reported that diabetes caused a significant decrease in serum TP and albumin levels, although their levels were significantly reversed by the oral administration of Royal Jelly. The levels of serum albumin showed no significant differences between the diabetic control, normal and some diabetic treated groups (4 and 5) after the 4 th week of study. Hence, it is indicative that this study supports the findings of previous work with a few exceptions regarding duration since the studies were carried out under different study designs. The observed correlation in the results observed with those of earlier findings, is evident of the restorative effect of antioxidants in ameliorating diabetes related liver damage in relation to some type 2 anti-diabetic drugs which does not necessarily address or target oxidative stress and free radical complications.
Conclusion
Conclusively, the findings affirms the therapeutic effect of antioxidants and its supplements as a huge protective agent against oxidative stress and free radical aggravated liver disease and obesityinduced type 2 diabetes mellitus which has been reported to affect the liver by aggravating oxidative stress related inflammatory signals, insulin resistance and subsequently chronic conditions such as cirrhosis and liver damage. Therefore, the role of antioxidants as emerging future therapy is promising as an alternative source of remedy in the prevention, management and treatment of oxidative stress related diseases such as diabetes mellitus.
